P rognosis, the forecast of the likely course of a disease or condition, can be influenced by many different factors. One such factor is the timing of an interventions. In some cases, delaying procedures can improve outcomes (eg, early imaging in patients with low back pain may actually increase long-term disability). 1 In other cases, earlier treatments improve prognosis (eg, early referrals to physical therapy may result in less downstream health care utilization and costs). 2, 3 The timing of an intervention in the clinical management pathway can also help identify guideline-adherent practice patterns, particularly when the process is evaluated across hospitals or health care systems. It can also represent treatment choices perceived by the provider or patient to initially be most effective.
Two common interventions after elective hip surgery include opioid medication to help control pain 4 and physical therapy to help return to optimal function. 5, 6 In both cases, the timing of each treatment can differ for various reasons. Although patients are likely to receive both interventions, some may only receive one treatment or the other.
The aim of this study was to analyze practice patterns and evaluate the downstream effects of 2 different care delivery options after surgery: physical therapy and opioid therapy. Our first aim was to compare downstream health care utilization in patients who received only physical therapy versus those who received only opioid therapy after surgery. Because most patients received both treatments, our second aim was to examine the influence of timing by comparing outcomes for patients receiving physical therapy first with those for patients receiving opioid therapy first. We also hoped that the identification of practice-based patterns could serve to generate future comparative effectiveness investigations.
Methods

Study Design
The study was an observational cohort of patients within the Military Health System (MHS) who received arthroscopic hip surgery between June 30, 2004 , and July 1, 2013.
Setting
Data were derived from the MHS Data Repository (MDR), which captures and tracks all medical visits for all beneficiaries of the Department of Defense (DoD) This includes retired, active military, and service family members. The MDR is the centralized data repository that captures, archives, validates, integrates, and distributes Defense Health Agency corporate health care data worldwide. Any medical visit, in a military or civilian setting, where the DoD insurance plan is the payer (covering 100% of armed services personnel and their dependents) is captured in the MDR.
Participants
To keep the population homogeneous, the intent was to identify adult patients undergoing hip arthroscopy specifically for femoroacetabular impingement (FAI). FAI is a musculoskeletal disorder of the hip that is often treated with surgical correction of joint morphology, 7, 8 and the most common reason for arthroscopic hip surgery in the MHS. 9 Therefore, patients under 18 or over 50 years of age were excluded, as this best represents the age spread of active duty service members, and symptomatic FAI has a much higher prevalence in young to middle-age adults. 10 Because FAI does not have an International Classification of Diseases, Ninth Revision (ICD-9) diagnosis code, we identified procedures most often used to surgically treat this condition. Any patient with a recorded encounter in the system that included an arthroscopic surgical hip procedure, identified by Current Procedural Terminology codes of 29914, 29915, 29916, 29862, were included in the cohort. All patients who had potentially confounding diagnosis codes prior to the surgery (ie, codes that could otherwise have rationalized the need for arthroscopic hip surgery) were excluded (hip osteoarthritis, hip avascular necrosis, hip or pelvis fracture, or neoplasm). All patients who were not eligible beneficiaries in the DoD health insurance plan for 12 months before and 24 months after surgery were also excluded. Finally, only patients who received either opioid prescriptions or physical therapy after surgery were included in the analyses (Fig. 1) . Details of the extraction for the cohort have been published and are available. 11 
Reporting Guidelines
The Reporting of Studies Conducted Using Observational Routinely Collected Health Data statement, 12 an extension of the Strengthening of Reporting of Observational Studies in Epidemiology 13 reporting guidelines, was used to guide reporting of this study.
Data Sources and Measurement
Data from MDR includes person-level data for all outpatient and inpatient medical visits, both in military and civilian hospitals. Within the United States, the data from the MDR reflects a single-payer system as compared to the more common private insurancebased system. It also includes any prescriptions filled, to include total unique prescriptions and days' supply of medication for each prescription. The data were abstracted and aggregated by a senior health care analyst working for the Army Medical Command with over 10 years of experience, and who routinely pulls and aggregates data of this nature. Data were provided to the investigators in raw form (1 line for each unique medical visit) and in an aggregated file at the single-person level, with a total sum of each care variable for each unique patient. The aggregate data were validated against the raw data by a different investigator (other than the health care analyst), and if any questions arose or further clarification was needed, then the issue was brought to the attention of the senior analyst for consensus.
Study Variables
Descriptive variables. Patient characte ristics included mean age, total health care visits (including those unrelated to surgery), and total health care costs (including those unrelated to surgery), sex, branch of military service, socioeconomic status (categorized as "enlisted personnel and their families or officer personnel and their families"; as military rank is associated with level of education and pay, these categories provide a representation of socioeconomic status), and location of surgery (military treatment facility or civilian hospital).
Intervention variables.
Prescription opi oids were identified by using the American Hospital Formulary Service therapeutic class codes (280808 and 280812) found in the Pharmacy Data Transaction Service section of MDR. The prescription date and type is provided at the person level. Physical therapy services were identified by the presence of Current Procedural Terminology code 97001 (physical therapy evaluation). Because opioids prescribed at the time of surgery are likely associated with the initial dose provided to manage immediate postoperative pain, and immediate physical therapy is common (eg, gait training before leaving the hospital), occurrences of opioid prescriptions and physical therapy within the immediate perioperative window (opioid prescriptions 0-2 days; physical therapy 0-1 days) were excluded from the frequency counts. Current clinical practice guidelines include prescription of opioid-based medication to manage acute postsurgical pain, and therefore we expected most patients to have at least 1 prescription immediately after surgery. However, we were more interested in subsequent prescriptions and management patterns beyond this perioperative prescription. If patients received additional prescriptions beyond those received at the time of surgery, or physical therapy beyond hospital-based services, they were included into the final cohort. Characteristics of patients who had neither of these 2 treatments were also collected for comparison, but their data were not part of the comparison analyses in the final cohort.
Outcome Variables. Eight outcome variables were captured, all within 0 to 24 months after surgery: total health care costs and visits, total hiprelated health care costs and visits, opioid prescriptions (total unique prescriptions, total days' supply, and presence of 3 or more prescriptions), and additional hip surgeries (eg, revisions). We used the presence of 3 or more opioid prescriptions to categorize chronic opioid use. [14] [15] [16] Hip-related care included all procedures (injections, imaging, surgery) and diagnoses related to any hip condition. Health care costs reflected actual costs paid by TRICARE for health care services, based on relative value units with a given cost value for care within military facilities and actual reimbursed amounts for care within civilian facilities.
Comorbidities/Confounding Variables.
In recognition that some comorbidities can influence general health care utilization and specific use of physical therapy services, several were identified based on medical visits with a corresponding ICD-9 code (Tab. 1). Specific details for how these variables were extracted and their relevance to prognosis in individuals with musculoskeletal outcomes has been published. 11 We also looked at opioid utilization prior to surgery, as this is one of the strongest predictors of chronic use after orthopedic surgery. 14, 17, 18 In the MHS, opioid prescriptions are often provided to patients during the preoperative evaluation appointment with orders to be picked up on the day of surgery. Because of this, we included only preoperative opioid prescriptions recorded as being given more than 21 days before the date of surgery, as most preoperative evaluations take place within 1 to 2 weeks of the surgery.
Statistical Approach
Study descriptive characteristics, including means, standard deviations, and frequencies, were divided into 2 subsets of 2 groups. The first group compared patients who received only opioid therapy and patients who received only physical therapy, whereas the second group compared patients who received physical therapy first and patients who received opioids first. Descriptive data included patient level criteria and comorbidities (eg, cardiac, metabolic). Comparative baseline analyses consisted of chi square or Fisher exact measures for categorical variables and independent t tests for continuous variables. When examining the distribution of data, we identified skewed values for all outcomes (costs, visits, and opioid prescription counts/days' supply). As such, we used a negative binomial regression to analyze visits and opioid prescriptions and a general linear model with gamma log link to analyze the cost-related data. A negative binomial regression is a generalization of Poisson regression able to model count data with opverdispersion, 19, 20 and a general linear model with log link is used in similar fashion for cost data, to estimate means when values are not negative and their distributions are skewed to the right. This connects the linear model to the response variable through a link function, by allowing the magnitude of the variance of each measurement to be a function of its predicted value. 21 This was necessary as most traditional statistical models are based on the assumption that data are normally distributed.
For each count or continuous dependent variable, we created 2 models for each primary outcome, unadjusted and adjusted; in which unadjusted models examined differences in outcome variables between group pairs, and adjusted models examined these differences while adjusting for location of surgery, year of surgery, and comorbidities listed in Table 1 . We selected a P value of < .05 for significance for all models and report 95% confidence intervals when appropriate. All analyses were performed using SPSS version 24.0 (IBM Corp, Armonk, New York).
Role of the Funding Source
This work was supported by US Defense Health Agency Award W911QY-15-1-0016. The funder played no role in the conduct of the study.
Results
Of 1870 total patients undergoing hip arthroscopy for FAI and for whom 2-year health care utilization data were collected, 1703 (90.9%) had opioid therapy, physical therapy, or both. Of these, 1073 (57.4%) had both opioids and physical therapy after surgery outside of the immediate perioperative period; however, 24 had them on the same day and were dropped from the analysis, resulting in 1049 (56.1%) for the final timing-of-care analysis. Of the 630 who did not have both, 266 (42.2%) had only opioid prescriptions and no physical therapy and 364 (57.8%) had only physical therapy and no opioid prescriptions. Demographic variables for patients included in the cohort are outlined in Table 2 . For patients who had physical therapy first, the mean number of days to physical therapy was 40.5 (median = 12.0) and the mean number of days to an opioid prescription was 233.9 (median = 181.5). For patients who had an opioid prescription first, the mean number of days to physical therapy was 140.9 (median = 45.0) and the mean number of days to an opioid prescription was 42.2 (median = 12.0).
There was no significant difference (P = .95) in hip-related costs between patients who had only physical therapy ($11,628) and those who had only opioids ($11,579) (Tab. 3). However, hiprelated health care costs were significantly lower (P = .03) for patients receiving physical therapy first ($16,955) than for those receiving opioids first ($18,053) (Tab. 4). Patients who had only opioids were also more likely to have an additional arthroscopic hip surgery or total hip replacement (Tab. 3). Patients who had both physical therapy and opioids showed no difference in total downstream health care utilization (costs and visits) on the basis of the timing of each (physical therapy first vs opioids first), but patients who had physical therapy first had significantly fewer hip-related health care costs ($18,185 vs $23,842) (P < .001) over 2 years (Tab. 4). Patients who received opioids first had statistically significantly greater number of opioid prescriptions and greater days' supply of opioids and were more likely to have chronic opioid use (3 or more prescriptions) (Tab. 4). Patients who did not receive opioids or physical therapy past the immediate perioperative period had the least amount of downstream health care utilization (Fig. 2) .
Discussion
The aim of this study was to analyze practice patterns and evaluate the downstream effects of 2 different care delivery options after surgery: physical therapy and opioid therapy. It is worth noting that we used observational data and that the results of our findings do not imply causality. Further, we understand that the results of any observational research rely heavily on the interpretation of the researchers and can be influenced by confounders beyond statistical adjustment. That said, the focus of our investigation was to better understand the practice patterns associated with prescribing opioids and/or physical therapy, and to generate future hypotheses for comparative effectiveness trials. We also feel the patterns we have identified are compelling and may influence current clinical practice. In the following paragraphs, we will discuss the results, and will expound on areas that we believe require further study.
The current analysis suggests that use and timing of these common postsurgical interventions, physical therapy and opioids, may be associated with downstream health care utilization. Although most patients received both opioid medications and physical therapy, a sizeable cohort received only one or the other, allowing for a unique assessment of each treatment. In patients receiving both treatments, those who had physical therapy first had significantly lower adjusted mean hip-related medical costs over the following 2 years (Tab. 4). Overall downstream opioid use was significantly higher in the cohort that received opioids before receiving physical therapy (P = .001) (Tab. 4). Patients receiving only physical therapy had a significantly higher number of hip-related visits (22 vs 13), likely due to multiple visits that make up a common course of physical therapy, but surprisingly their mean hip-related medical costs were not significantly different (Tab. 3). One reason could be that patients who did not receive physical therapy had other hip-related care that may have had a higher cost per visit. Patients who received only physical therapy also had fewer additional hip surgeries in the following 2 years than those who received only opioids. The observations from these different clinical pathways highlight the need for a deeper investigation into the role each plays in the care management pathway after arthroscopic hip surgery.
Timing of Interventions
Of the 1073 that had both opioids and physical therapy, 24 had them on the same day and were removed from the timing-of-care analysis. This left 1049 (56.1%) of the 1870 subjects that had both opioids and physical therapy. Most patients received physical therapy after surgery (n = 1437, 76.8%); however, only 1 in every 5 patients (19.7%) received only physical therapy and no opioids after surgery. These data mean that, in addition to a 1-time opioid prescription that they may have received on the day of surgery, there was no further need for opioid therapy in 19.7% of patients. Having physical therapy before opioids resulted in fewer overall opioid prescriptions (4.53 vs 10.57), fewer than half the number of total days' supply of opioids (54.41 vs 143.6), and a significantly lower percentage of patients who became potential chronic opioid users with 3 or more total prescriptions (53.2% vs 69.5%) over the 2-year study period. Having physical therapy first also resulted in fewer downstream hip-related medical costs. These differences were significant after adjusting for comorbidities and preoperative opioid utilization, the latter being one of the strongest predictors of postoperative opioid use. 13, 16, 17 One pattern of popular clinical reasoning is that patients need pain medication while they are undergoing physical therapy, so that tolerance is improved and efforts can be maximized. 22 Although no empirical studies have validated this claim, this thought process may lead to higher numbers of prescriptions, particularly during the rehabilitation phase. However, studies have shown that patients who do not take opioids report significantly better function and less disability after physical therapy than those who take opioids. 23 It may be that in patients receiving opioids first, pain was perceived as being too high for starting rehabilitation and the medical team believed that it needed to be addressed before starting physical therapy. Although it may seem counterintuitive, physical therapy and exercise can effectively decrease pain by increasing pain tolerance 24 and inducing hypoalgesia. 25 Exercise may also be positively associated with pain modulation. 26 There were no differences in mean health care visits and costs in patients who received both treatments regardless of timing (physical therapy first or opioids first), and it may be that the presence of these 2 interventions within the same management pathway confounds differences in health care utilization.
In the cohort that received both treatments, physical therapy was significantly delayed for patients who had additional opioids first. It was almost 8 months after surgery before physical therapy began (mean = 233 days), compared to only 43 days in patients who received physical therapy first. However, service members in this setting are often sent home on convalescent leave for 30 days after surgery, and their surgery often takes place at a location other than where they are stationed, depending on the availability of specialists who can perform the procedure. This situation is likely to cause some delays with starting physical therapy, especially if the transition of care is not coordinated well. Delaying physical therapy has been shown to influence downstream health care utilization in other pain populations. Patients who had low back pain and received physical therapy within 14 days rather than after 14 days had significantly fewer procedures and costs, including fewer opioid prescriptions. 2, 3 It may be that the number of days after surgery before physical therapy commences is more important than whether it came before additional opioid prescriptions. Physical therapy utilized earlier in the care management plan may potentially help manage pain effectively, to the point where fewer opioids are required. To appropriately answer this query one requires a comparative trial that controls for timing and order of care.
Only Physical Therapy or Only Opioid Prescriptions
Of 28 and mental health disorders. 29 There were also significantly fewer additional hip surgeries (eg, revisions, hip arthroplasty) in the cohort that received only physical therapy. In another previous study, patients who did not take opioids had improved function and disability at 1 year compared with patients who did take them, even when adjusting for the severity of the condition. 23 Similarly, in the current study, the lack of opioids provided to patients who received only physical therapy may have resulted in less health care seeking. Alternatively, the differences between hip-related and total health care utilization may also reflect limitations in capturing true hip-related medical care from medical records.
Underutilizers: No Physical Therapy or Opioid Prescriptions
Patients who had neither physical therapy nor opioids demonstrated the least amount of downstream health care utilization ( Fig. 2) 30 However, the US Defense Health Agency has a rigorous process to reduce missing data by processing and validating electronic medical records in the master data file on a weekly basis. Missing variables are written to an error file and continue to go through an extensive validation process across multiple sources. This process is explained in detail via documentation publicly available online (https://health. mil/) and reduces the likelihood that missing data affected our analysis. It is also important to consider that these 2 interventions (opioids or physical therapy) may have been inappropriate for some patients rather than a reflection of system-based clinical pathways, such as allergic reactions to opioids or frailty/complications limiting physical therapy. We also do not know anything about medication compliance, as some patients could have taken only a partial amount of the full prescription. Finally, the lack of self-reported outcomes limits the conclusions that can be made, and future studies need to validate the relationship between decreased health care seeking and patient's perception of improvement and function.
Conclusions
In conclusion, decisions related to the use and timing of physical therapy and opioid prescriptions may influence downstream health care utilization. The timing of treatment appears to influence progression to chronic opioid utilization, with earlier physical therapy associated with fewer opioid prescriptions. Receiving only physical therapy and no prescription opioids may result in fewer downstream hip surgeries and lower overall medical visits and costs following the 2-year period after surgery. Further investigation is needed to look at optimal timing strategies for these interventions and the association with self-reported function and disability in prospective trials, as well as the validation of these findings in nonsurgical musculoskeletal pain populations.
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